The rarity of some truffles is reflected in their high cost in restaurants, and indeed in the astronomical prices which they sometimes fetch on the market. In December 2014 a single White Alba's Truffle, weighing 1.89 kg, was recovered in the Umbrian region of Italy. Auctioned at Sotheby's in New York, it raised over $60,000.
Four years ago, there was a key advance in the scientifıc understanding of these delicious organisms with the announcement of the genome sequencing of the Perigord black truffle Tuber melanosporum (F. Martin et al., Nature 464:1033, 2010). Among other aspects, this has helped to fuel research into the bacteria that colonize both the external (peridium) and internal (gleba) parts of truffles, and which appear to be selected from the soil in the early stages of truffle development-although the basis of this selection has remained as mysterious as truffles themselves were in former times.
Splivallo and his collaborators have been particularly interested in the intense odors emitted by truffle fruiting bodies, especially the sulfurcontaining volatiles which not only contribute to the aromas loved by gastronomes but also serve as attractants to mammals. A key question was whether these substances came from the fungus itself or from the microbial communities colonizing their fruiting bodies. The researchers set out to answer the question by studying a white species, Tuber borchii. A cultivated truffle that occurs naturally in Europe, and has also been introduced into New Zealand recently, it has been adopted for laboratory research because it grows more quickly than other species. Of particular interest to the German-French team were thiophene derivatives such as 3-methylthiophene and 3-methyl-4, 5-dihydrothiophene which occur in the fully mature truffles and are thought to rise in concentration during storage at room temperature.
Where did these substances come from? The investigators proceeded by monitoring the evolution of the truffles' bacterial communities during storage, and by analyzing any thiophene volatiles that developed. The truffles were bought commercially.
The results, published in Environmental Microbiology (17:2647 Microbiology (17: , 2015 , reveal that sulfurcontaining volatiles such as the thiophene derivatives, which are characteristic of T. borchii fruiting bodies, result from the biotransformation by bacteria of some nonvolatile precursor(s). The bacterial community was dominated by alpha-and beta-Proteobacteria. When Splivallo treated the fruiting bodies with wide-spectrum antibacterial substances, he found that this totally suppressed the formation of thiophene volatiles. On the other hand, fungicides had no inhibitory action. "Interestingly," he and his colleagues write, "all bacterial phyla classes tested in this study were able to produce thiophene volatiles from T. borchii fruiting body extract, irrespective of their isolation source (truffle or other sources). This indicates that the ability to synthesise thiophene volatiles might be widespread among bacteria and possibly linked to primary metabolism." alpha-Proteobacteria are conspicuously versatile in environments ranging from the oceansoccurring in seabed volcanoes, for example, as well as in surface waters-to soil. They also have the intriguing capacity to interact with plants, in either pathogenic or nonpathogenic/mutualistic/ commensal relationships. "In fungi, the alphaProteobacteria phylum is dominant not only in truffles but also in the ectomycorrhizal fungus Laccania bicolor, suggesting the existence of some adaptive or competitive mechanism over other bacterial phyla," the Splivallo group says. "What creates the competitive advantage for alpha-Proteobacteria in truffles is unknown, but theoretically it might be driven by an increased ability to compete for specifıc resources (niche effect) or to degrade/produce toxic secondary metabolites."
One previous study (F. Pini et al., Genes 2:1017, 2011) on the genome of 92 alpha-Proteobacteria indicated that there were major genetic differences between those whose lifestyles were associated with plants (both symbiotic and nonsymbiotic) and those not linked with plants. Genetic adaptation might also exist in alpha-Proteobacteria associated with fungi, possibly resulting from coevolution between bacteria and their fungal hosts. In the case of the black Perigord truffle T. melanosporum, the abundance of alpha-Proteobacteria is known to rise in the gleba over the period of time from the collecting season.
The investigators believe that their fındings raise new ecological and mechanistic questions concerning multitrophic interactions among truffles, their plant symbionts, mammals, insects, and the bacterial communities associated with fruiting bodies. One speculation is that bacteria may, by participating in the elaboration of sulfur volatiles which attract mammals, participate indirectly in the dissemination of truffle spores and thus play a key role in the life cycle of the fungus.
One is also bound to ask whether the fındings by the German-French team have any relevance to the question of the animals that have long been used to sniff out truffles hidden in the soil. Both pigs and dogs have long been deployed for this purpose, although dogs have to be specially trained, whereas hogs have an innate olfactory capacity and tend to go searching instinctively. Another difference is that while dogs, especially the much-used Lagotto Romagnolo breed, are easy to control, pigs love to munch the truffles they unearth. A further problem is that both animals can damage the mycelium. In Italy, this led to a decline in production and indeed triggered a ban on truffle hunting with pigs which came into force in 1985. So far, the only fırm knowledge of the sensory basis of the activity is that sows are strongly attracted to a truffle compound that resembles androstenol, the sex pheromone in boar saliva.
Readers may care to ponder both recent advances and future prospects in understanding the wonderful aroma and taste of truffles when they are next enjoying either white truffles served raw or the black variety cooked and served with meat. Yum yum.
